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Abstract
Long-term and Seasonal Patterns of Herbaceous Layer Development in Hardwood Stands
of the Femow Experimental Forest, Parsons, WV
by
Anne Wallace Hockenberry

This study described patterns of herbaceous layer characteristics in watersheds of
the Fernow Experimental Forest (FEF) in Parsons, WV. The purpose of this study was to
examine four-year and seasonal patterns of change in herb layer species composition,
cover, and richness within three stands of mixed hardwood forest. Sampling was
conducted within seven circular plots (0.04 ha) in each of three watersheds of the FEF:
WS3 (24-yr-old stand, previously clear-cut, receiving experimental nitrogen additions),
WS7 (24-yr-old stand, previously clear-cut and treated with herbicide), and WS4
(>85-yr-old stand, untreated, control). All vascular plants~ lm in height were identified
to species in each of 10 1-m2 circular subplots per sample plot and estimated for cover
(%). Results confirmed those of earlier studies on these same sites, that species
composition was similar across all watersheds. For example, throughout the 1994
growing season, 3 5 species out of a total of 70 were found on all three watersheds, and
seven out of ten dominant species were found on all three watersheds. Comparisons of
July 1994 sampling to July sampling of 1991 and 1992 indicated higher herb layer richness

in 1994 than the other years for all watersheds. Results of annual comparisons of herb
layer cover were inconsistent among watersheds; however, cover on WS7 was an average
of30% higher than WS3 and WS4 each year. Results were not consistent with expected
outcomes related to successional change in forest ecosystems. For example, mature WS4
showed no less change in four-year cover, richness or dominant species over the four year
period than younger watersheds. Pronounced seasonal patterns were revealed in cover,
composition, and richness. Monthly patterns for herb layer cover were quite similar

among watersheds, with a maximum occurring in June. Monthly patterns of species
richness varied somewhat among watersheds. Canonical discriminant analysis indicated
that less important species were responsible for most of the dynamic variation among
watersheds, in both long-term and seasonal patterns. These data suggest that the
herbaceous layers of these hardwood stands are seasonally quite dynamic and respond
sensitively to annual changes in abiotic environmental conditions.
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Introduction
This thesis is one of several studies dealing with herbaceous layer dynamics and
nitrogen cycling at the Femow Experimental Forest. Previously, herb layer sampling has
either (1) focused exclusively on quantitative measurements at the height ofthe growing
season (Aulick 1993; Turrilll993), or (2) examined the floristic composition
non-quantitatively three times during the growing season (Aulick 1993). The current
study was designed to continue and further develop data from previous studies, and to
examine more closely quantitative seasonal dynamics of the herb layer on the same sites.
The objectives of the present study are:
( 1) To characterize, using repeated monthly measurements within one growing season,
the herb layer of three watersheds of the Femow Experimental Fcrest varying with
stand age and stand history.
(2) To observe four-year patterns in herb layer cover, richness, and species
composition over a 4-year period (1991-1994) combining current data with those
from previous research.
(3) To observe monthly patterns of richness, cover, and species composition during
the 1994 growing season.
The herbaceous layer of forest ecosystems (here defined as all vascular plants ::;
lm in height) represents a complex assemblage of species with a variety of patterns oflife
history and phenology. Analysis of such vegetation provides a basis for classification
which has predictive value through space and time (Bormann et al. 1970). The study of all
vegetation strata is important when studying forest dynamics. The herbaceous layer,
however, is of particular interest because its species respond more immediately to site
environment and management treatments than those of other vegetation (Gilliam 1983).
In many cases, herb layer species have restricted ecological tolerance and may therefore be

useful as indicators of site conditions.
A study of vegetational growth patterns within the herb layer of a forest ecosystem
may reveal variation in nutrient dynamics, species composition, and biogeochemical
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behavior over time (Boring et al. 1981 ). The re-establishment of stand structure after
disturbance is dependent upon these factors (Gilliam and Turrill 1993; Wilson and Shure
1993; Koch.enderfer and Wendel1983; Boring, et al. 1981). Femow Experimental Forest
(FEF), a U.S.D.A. Forest Service funded project in Parsons, West Virginia, provides units
of experimentally disturbed stands of different ages and, thus, the opportunity to study the
herb layer in the context of some of these factors. Treatments in this study were applied
to simulate acidic deposition and logging effects on the forest ecosystem. These two
forms of disturbance have been shown to alter response of plant biodiversity within the
herb layer, as well as cause changes in the earth's atmosphere and climate. Conditions
created in the FEF are expected to enhance the resolution of these events, and resulting
patterns reported here may address current questions about such concerns.
In order to characterize the herb layer of these watersheds, species composition,

richness, and cover of young versus mature stands were observed, then compared with
values obtained from 1991-1992 to determine how vegetation develops interannually. A
synchronous study of seasonal growth was also performed so that vegetational
development could be observed for seasonal change. The purpose of this project was to
,present an integrated picture of herb layer structure and development over time of three
watersheds within the FEF, emphasizing the occurrence of any long-term or seasonal
patterns.
After severe disturbance, rapid revegetation is known to occur in response to
increases in light and nutrient availability (Roberts and Gilliam 1995a, Bonnann and
Likens 1979). As species are recruited, there may be a rapid turnover in species
dominance during early succession. Variation in species cover, composition, and richness
would be greater in a younger (earlier successional stage) stand than in a mature stand,
where competitive patterns have been established and nutrient cycles are more stable.
Thus, four years of study on a young watershed (such as WS3 and WS7 of this study),
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which may still be in a phase of recruitment is much "more time", dynamically, than the
same four years in an 85-year old stand such as WS4. Patterns were thus examined for
trends in richness, cover and species composition that support the idea that WS4 is more
dynamically stable than younger watersheds.
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Materials and Methods
Study Area

This study is carried out in the cooperation of the Northeastern Forest Experiment
Station's Timber and Watershed Laboratory at Parsons, WV. The forest includes a series
of watersheds supporting stands of different age and stand history.
The FEF occupies approximately 1, 900 ha of Allegheny ountain section of the
unglaciated Allegheny plateau in Tucker county. This forest is part of the mixed
mesophytic association existing in the geographical center of the deciduous forest region
(Turrill 1993; Greller 1988; Braun 1950). Commonly encountered dominants include the
tree species sweet birch (Betula lenta L. ), yellow poplar (Liriodendron tulipifera L. ),
northern red oak (Quercus rubra L.), sugar maple (Acer saccharum Marsh.), and black
cherry (Prunus serotina Ehrh.) (Wendel 1987), and the herbaceous species stinging nettle
[Laportea canadensis (L.) Wedd.], marginal shield fern (Dryopteris marginalis L. Gray),

christmas fern (Polystichum acrostichoides Micmc Schott), and various Rubus and Viola
species (Gilliam and Turrill1993; Wendel1987).
Soils on the FEF include loams and silt loams of the Calvin and Berks/ Muskingam
series (Typic Dystrocrepts), Belmont series (Typic Hapludalfs), and Meckesville series
(Typic Fragiudults). Soils are derived from acidic sandstones and shales of the
Hampshire formation on the western half of the forest, where the stands described in this
study are located. These soils are generally course-textured and sandy loams,
well-drained, and --1m in depth (Gilliam, et all994; USDA Forest Service 1987). They
are strongly acidic with medium natural fertility, suitable for growth of wild upland
herbaceous and hardwood plants (Turrill1993). Precipitation averages -1430mm/yr, often
increasing through the growing season and with higher elevations (Gilliam and Adams
1996), and is generally evenly distributed between the dormant and growing seasons
(Kochenderfer and Wendell983).
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Land-use history of the FEF includes heavy cutting between 1905 and 1910,
typical of much ofWest Virginia (Adams et al. 1993). Before disturbance, vegetation on
the watersheds was of the mixed hardwood forests floristic province (Core 1966).
Dominant tree species included L. tulipifera, P. serotina,

Q. rubra, Fraxinus americana,

and Ti/ia americana. American chestnut (Castanea dentata) was an important forest
component until the chestnut blight (Endothea parasitica) of the 1920's. There is no
record of specific herb layer composition values prior to disturbance.

Field sampling
The three study watersheds (WS3, WS4, and WS7) are adjacently located in the
central portion of the forest (Fig. 1). These watersheds fall into distinct groups based on
stand age. WS4 supports a mature stand (>-85 yr), whereas WS3 and WS7 support
young, even-aged stands (--24 yr). The watersheds also vary in aspect, such that a young
and mature pair faces south (WS3 and WS4) and a young watershed faces north (WS7)
(Table 1). WS4 is the largest of the study watersheds, followed by WS3, and WS7,
respectively (Table 1). All watersheds are comparable in elevation with an average range
of 725-870m (Table 1).
Treatment history also varies among the watersheds. WS4, the control watershed
for the FEF, was selectively cut in 1910, and has received no further treatment, other than
removal of dead chestnut stems. WS3 was clear-cut to 2.5 em diameter breast height
(dbh) in 1970 and has received aerial applications of(NH4) 2 so4 at double the ambient N
and S deposition rates three times/yr (3 6 kg N/ha/yr and 40 kg S/ha/yr) (Gilliam et al.
1994, Adams et al. 1993) since 1989 as part ofthe Whole Watershed Acidification study.
WS7 was clear-cut in 1963-1967 and maintained barren with herbicides 2-4-5-t, 2-4-D,
and Dalapon until late 1969 (Kochenderfer and Wendel1983).
Prior to this study, 15 sample plots were established in each watershed, as
described in Gilliam, et al. (1994). A sub-set of seven circular plots (0.04 ha in area) per
watershed were selected for the present project in conjunction with a study on nitrogen
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Figure 1. The three study watersheds are adjacently located in the central portion of the
Femow Experimental Forest, Parsons, WV.
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Table 1. Physical characteristics of three watersheds of the Femow Experimental Forest,
Parsons, West Virginia.
Characteristic

Stand Age (yr)
History

----------------Watershed------------------WS4

WS3

WS7

>80

>24

>24

select cut

clear-cut

clear-cut

control

(NH4)2S04
34.3

herbicide

Area (ha)

38.7

Aspect

E-SE

Elevation (m)

750-870

8

s
735-860

24.2
E-NE
725-850

--·--------------------------------------------------------------------
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dynamics (Gilliam et al. 1995). Within each plot, 10 randomly-located circular 1-m
subplots were relocated from previous studies (Aulick 1993, Turril11993) by a yellow flag
at each subplot center. Several flags had been destroyed or lost via blow-downs, grazing
animals, or other disturbances. New subplots were randomly selected andre-flagged in
these instances.
Within each of the 210 subplots, all living vascular plants :5. 1m in height were
identified to species and visually estimated for cover (% ). These observations were
performed monthly from May to October, 1994.
Data analysis

Cover and richness were summed for all species by subplot and averaged to give
mean cover(%) and richness (number of species/plot). Plot values were averaged to give
mean cover and richness per watershed. For long-term patterns, patterns of species which
accounted for ~ 1% of the ground cover on any watershed in any year were examined for
herb layer patterns. For seasonal patterns, patterns of species which accounted for > 1%
of the ground cover in any month on any watershed throughout the 1994 growing season
were searched for patterns.
All means were compared between watersheds with analysis of variance and the
least significant difference test. Mean plot cover across years was analyzed using the
multivariate technique Canonical Discriminate Analysis (CDA) to summarize differences
between watersheds (CDA; ProcCANDISC; SAS 1982). CDA combines canonical
correlation with principal components analysis and is especially useful when ordinating
more than one data matrix (Pielou 1984). Long-term pattern CDA had 3 matrices, one for
each of the three years on a given watershed. Resulting total canonical correlation values
were then examined for high and low values to determine which species were most
responsible for causing yearly variability.
For monthly patterns, in order to summarize between-month variation in species
composition from May through October, watershed means were subjected to CDA (CDA;
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ProcCANDISC; SAS 1982). In this analysis, there were 18 matrices, one for each month
of sampling on each watershed. Resulting total canonical correlation values were then
examined for high and low values to determine which species were most responsible for
causing monthly variability.
It is important to take into account that the design of this project exemplifies

simple pseudoreplication, since each watershed represents an experimental condition with
a sample size of one (Hurlbert, 1984). Therefore, our data will be interpreted with
caution. Although pseudoreplication can create some statistical problems, it is common
among watershed ecosystem studies (Likens et al. 1977) and is related to the logistical
difficulties of (i) finding watersheds across a landscape that are true replicates of one
another (i.e., finding two or more watersheds that are identical in most respects is either
rare or perhaps impossible) and (ii) accommodating the high cost of watershed-level
treatments (Gilliam et al. 1994).
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Herb Layer Characteristics

Species composition and coyer
Factors influencing herb layer characteristics are well known. Stand age and
history, particularly, are known to affect species cover, composition, and richness (Albert
and Barnes 1987, Gilliam and Turrilll993). Groundlayer structure and dynamics are
additionally influenced by the kind and intensity of disturbance an area receives (Metzger
and Schultz 1984, Hibbs 1983), as well as by canopy factors such as density and canopy
gaps (Bratton 1976, Turrilll993), making herb layer characteristics very site-specific
(Spurr and Barnes 1964). This study found definite examples of among-site variation and
its effect on species of the herb layer. Three species were found to be exclusive to
individual plots: Lycopodium .flabelliforme, ground cedar, was found on only one plot of
WS3, and was the dominant cover species of that plot (Table 2). Vaccinium vacillans and

Rosa multiflora were also found on only one plot, the same particular plot in WS4,
suggesting that there was distinctive variation on that site. These were the two most
dominant cover species on that plot as well. To account for such among-site variation in
the data, it was important to sample a representative area. Total area sampled in this
project represented approximately 1% of the area of the watersheds.
A total of 70 species were identified from May to October across sample plots of
all three watersheds (Appendices I). Of these species, four were graminoid species
(grasses, sedges, and rushes), 17 were woody tree seedlings, and 49 were forbs and
shrubs. There were 35 species common to all three watersheds throughout the duration of
the study period. WS7 had the highest total number of species identified (69), with WS3
and WS4 having substantially fewer at 53 and 51 taxa, respectively (Table 3). Among
watersheds, there was little variation in species composition. Gilliam and Turrill ( 1993)
and Gilliam et al. (1995) reported more variation within these watersheds than among
them, even with the high cover of site-specific outliers removed. Further evidence of
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Table 2. Dominant herb layer species (ranked by mean plot cover%) in the 1994 growing
season within three watersheds of the Femow Experimental Forest, Parsons, WV.
Nomenclature follows Strausbaugh and Core (1977).

Species

Dryopteris marginalis*
Polystichum acrostichoides
Smilax rotundifolia*
Laportea canadensis*
Rubus spp.*
Lycopodium flabelliforme
Acer pensylvanicum*
Viola rotundifolia*
Viola papilionacea*
Stellaria pubera

WS3

WS4

WS7

0.80
0.99
2.37
1.70

15.15
3.89
1.03
0.79
3.89

0.57
3.35
2.27
2.19
1.83
1.68
1.06

1.03
1.68
1.26

---- = Insignificant value for dominance

* = Species was found on all three watersheds
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1.63
1.40
2.62

Table 3. Herb layer vegetation characteristics of three watersheds for entire 1994 growing
season of the Fernow Experimental Forest, Parsons, West Virginia. Values given are
means ± 1 SE. Annual mean is based on monthly cover values.

Variable

WS3

WS4

WS7

Cover
Mean cover (%)
Woody species (%)
Herb species (%)

15.8 ±2.2a
7.4 ± 1.3a
8.3 ±0.9a

15.0 ± 2.2a
4.2±0.3b
10.8 + 1.9a

36.0 ± 17.lb
2.6±0.5b
33.4 ± 5.9b

Richness
Total richness, S*
Mean richness M**

51
14.6 ±0.8a

53
13.3 ± l.Oa

69
18.7 ± 1.1b

* = Total number of different species encountered on all plots in all months for each
watershed
**= Mean richness per plot per month
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similarities in species composition of these watersheds has been shown utilizing a modified
Sorensen's index, described in Gilliam, et al. (1994), which resulted in an index value of
-0.40 in common across all three watersheds. Using the floristic similarity dendogram
method of Sokal and Sneath (1963), Aulick (1993) found similarity coefficients of0.58
between WS3 and WS4 and 0.51 between WS7 and a cluster ofWS3 and WS4,
suggesting that the percentage of common species was higher between two of any of the
watersheds than among all three watersheds. This study further confirms findings of
similarity across the watersheds, despite differences in stand age, aspect, and history.
All species with an average cover of> 1% on any watershed throughout the
growing season are presented here as dominants of the herb layer (Table 2). In agreement
with previous studies performed on WS3, WS4, and WS7 ofthe FEF (Turrill1993,
Aulick 1993), most ofthe dominant species occurred on all three watersheds (Table 2),
again suggesting a high degree of similarity among these stands. Gilliam et al. (1995)
reported that dominant herbaceous species on these watersheds did not vary significantly
with stand age. Some examples of common dominants are marginal shield fern

(Dryyopteris marginalis), blackberry (Rubus spp.), and striped maple (Acer
pensylvanicum). Roundleafviolet (Viola rotundifolia) was a ubiquitous dominant, found
on every plot.
Although overall species composition was quite similar among watersheds, July
cover values, considered to be at the height of the growing season in this study, revealed a
different dominant species for each watershed (Table 2, Fig. 10). Stinging nettle

(Laportea canadensis) dominated WS4, greenbrier (Smilax rotundifolia) dominated WS3,
and D. marginalis dominated WS7. Several studies (Gilliam et al. 1995, Gilliam et al.
1994, Gilliam and Turril11993, Aulick 1993, Turrilll993,) list Viola spp. as the
group-dominant species for WS3; however, whereas previous studies combined all Viola
into one category, this study identified them to the species level. Had all species been
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grouped together, as in the previous studies, Viola spp. would be the WS3 dominant here
as well.
Initiation of secondary succession differed greatly among watersheds. WS 7
received herbicide treatments for approximately 6 yr, killing most viable seedlings aiid
sprouts, while WS3 was released with all seeds and sprouts intact. WS4 was released
after loggings in the area around 1910. This may explain the different dominant species of
each stand.
High values of species richness are characteristic of eastern deciduous forests such

as the FEF. WS7 had higher richness values than both WS3 and WS4 (Table 3), despite
stand differences. Richness values for WS3 and WS4, however, were remarkably similar.
Bormann and Likens (1979) suggest that species richness of an eastern deciduous stand
should be at a maximum shortly after disturbance and steadily decline for approximately
100 years. Our watersheds did not consistently exhibit this response. The mature WS4,
with some stems exceeding 100 years of age, had two species greater in total watershed
richness than young WS3, which faces the same general aspect (Table 3). When
compared with WS7, however, mature WS4 exemplified Bormann and Likens' (1979)
model of predicted response, having fewer species in total watershed richness than the
younger watershed (69 vs. 53), thus displaying a pattern suggestive of steady decline as
these stands mature.
A prior community study of the stands of these watersheds (Aulick 1993) indicated
that slope aspect may be a major influence on herb layer richness. Two factors may
explain this: disturbance and aspect. Connell (1978) stated that forest systems subject to
chronic disturbance tend to support comparatively richer species assemblages than do
undisturbed areas. Also, richness values are known to increase on N-facing slope aspects
of the North temperate zone (Spurr and Barnes 1964), which are considered areas of
chronic disturbance (further discussed later in this chapter). Our data are consistent with
both factors, with north-facing WS7 displaying the highest richness (Table 3). Stand age
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is another factor known to influence herb layer richness. Values are known to decrease as
a stand reaches maturity due to shorter-lived early succession species becoming replaced
by more tolerant, late-succession species as time proceeds (Bormann and Likens 1979).
Values here, however, did not appear to be decreasing with age. There was virtually no
difference in species richness among young WS3 and mature WS4. Only in the young
WS 7 was there an exceptionally high richness value. Thus, in agreement with Turrill
( 1993 ), it is assumed that stand age alone is not acting as the dominant influence on
richness of these watersheds.
A model that may help explain species richness similarities between WS3 and WS4

is discussed by Peet and Christensen (1988), detailed in Roberts and Gilliam (1996), where
waves of response in stand development are plotted on a successional time line divided
into four phases: (1) establishment, (2) thinning, (3) transition, and (4) steady-state.
By this model, stands that are in different phases of succession can be on equal lateral
points of the curve, indicating similar levels of species richness (Fig. 2). For example, if
WS3 were into a downward slope at the start of the thinning phase, while WS4 were in
the same lateral area on the upward slope going into the steady-state phase, the
watersheds may show a similar richness response.
WS3 and WS4 were similar in herb layer cover values also, while WS7 exhibited
higher values (Table 3). Exceptionally high cover values on WS7 have been proposed to
be the result of the presence of fern species such as P. acrostichoides and D. marginalis
(Gilliam et al. 1995). At the time of this study, it appeared to be D. marginalis causing
high cover values on this north-facing watershed (Table 2). The twoS-facing watersheds
(WS3 and WS4) had lower overall cover values. Most species had a S.1.5% cover range
for the entire growing season; however, some species, such as Rubus spp. and

L. canadensis had >2% cover. The single dominant species of all watersheds with respect
to percent cover was D. marginalis, which made up> 15o/o of the total sampled area
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Figure 2. Model of hypothesized changes in species richness (y-axis) during forest stand
development (Peet and Christensen 1988).
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throughout the growing season. This high value can be attributed to its presence on WS 7,
where at one point in the growing season it covered nearly 25% of the watershed (Fig. 9).
Stand history and treatments

No obvious patterns in cover or richness could be attributed to stand history or
treatment effects, however, inconsistent trends in species composition could reflect these
factors. Similarities in species composition among the three watersheds may result from
revegetation (after clear-cutting ofWS3 and WS7) arising from seed banks in the soils, as
well as from seed dispersal from the surrounding undisturbed vegetation ofWS4 and from
perimeter stands not associated with our study.
On the other hand, the original clear-cutting could be responsible for existing
composition differences between the clear-cut WS3 and WS7 compared to the
undisturbed WS4. Clear-cutting favors invasion of pioneer species, which have created
composition differences between the control and cut watersheds.
There was a significantly higher percent cover of woody seedlings on WS3 (7.4%)
than on WS4 (4.2%) or WS7 (2.6%) (Table 3). If some factor is inhibiting growth ofthe
more sensitive herbaceous species, hardier woody species would have more resources to
exploit. Tree seedling abundance in the herb layer has been shown to be affected by cover
of surrounding herbs (Bormann et al. 1970, Siccama et al. 1970, Lorimer 1994).
Bormann et al. (1970) found a drop in tree seedling density where both cover and biomass
of herbs was very high. Similarly, the lowest cover of woody seedlings (2.6%) was seen
on WS7, which had the highest herb cover of the three watersheds (34.1 %) (Table 3).
WS3 values for woody and herbaceous species were similar at 7.4% and 9.6%,
respectively (Table 3), while on WS4, woody species cover was low (4.2%) compared to
herb cover (11 %), possibly due to the mature canopy blocking light (which could depress
shade-intolerant tree seedlings). Differing cover of woody and herbaceous species
between young and old watersheds may support conclusions of Gilliam and Turrill (1993),
that early forest succession, as may be seen in young WS3 and WS7, may be based on
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allogenic factors such as soil fertility, and that later forest succession, exemplified in WS4,
may be more dependent on autogenic factors such as canopy effects.
It has been suggested that land-use changes may be a more important influence on

species than aspect-related climatic variation, or that atmospheric nitrogen deposition is an
important influence on species diversity (Brown et al. 1993). Our results suggest
otherwise, with the influence of aspect apparent, and five years of elevated nitrogen and
sulfur deposition appearing to be ineffective. Indeed, this study found no detectable
response of the herb layer to increased nitrogen deposition to WS3, further confirming
results of Gilliam et al. (1994). Additionally, this study does not suggest a major role for
any aforementioned disturbance on FEF herb species characteristics at the time of this
study; perhaps with continued study, patterns attributable to treatments will be detected.
The variable that appears to have the most profound influence on vegetation
characteristics and patterns in these watersheds is slope aspect. In the north temperate
zone, the sun is to the south during the warmth of the day, giving the greatest intensity of
light to south-facing slopes. North-facing slopes receive less intense sunlight in
comparison, and tend to be cooler and moister. Consequently, north-facing slopes are
considered to be chronically disturbed, and thought to possess richer species assemblages
(Connell1978). According to Spurr and Barnes (1964), for central hardwoods, forests on
northeast aspects are the most productive, by -15% higher in cover and biomass than the
south and west aspects, which are least productive. In this study, cover was
comparatively much higher on the east-northeast-facing slope. Compared with WS3,
WS7 had 217% higher cover and 132% higher richness; compared with WS4, WS7 had
240% higher cover and 128% higher richness. In addition to slope aspect, microaspects
caused by pit and mound topography vary considerably among microsites (Bormann et al.
1970) creating species variation between sites.
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Stand Age
Herb layer characteristics are known to be affected by stand age and succession.
In these watersheds, however, it has been found previously that stand age has no obvious
effect on cover, richness, and species composition (Gilliam et al. 1994, Turrill1993}.
Vegetation may be affected by the woody component of total litter, thought to be related
to stand age. Amounts of woody litter increased in cover from ,...,6% in 20-year old stands
to over 50 or 60% in stands over 70 years as scattered windthrow of overmature trees
added to the forest floor (Spurr and Barnes 1964). Although down dead wood was not
measured in this experiment, it was most obvious on the mature watershed. One plot in
WS4 experienced a large blowdown in 1993, potentially affecting the amount of light
reaching the plot, and possibly changing soil nutrients. There were no significant outlier
species in this plot, however. It is known that seedlings and saplings grow vigorously
where treefall has created large canopy openings (Bormann et al. 1970), and although
there was a high richness of tree seedling species on this plot, the difference from other
plots was not significant. WS4 was, in fact, only 3 species greater in mean woody
richness per plot (16) than WS3 or WS4 (both 13) (Table 3).
Light availability to the herb layer, important to cover and richness values, is
generally a function of canopy density (Wilson and Shure 1993, Gilliam and Turrill 1993 },
and canopy density is related to stand age and the time of season. Correlations between
stand age and species richness have nonetheless been shown to be poor in secondary
Appalachian hardwood forests age 45-87 (Duffy and Meier 1992) Conclusions of the
present study agree with Gilliam et al. (1994), that differences in richness and cover
cannot be directly attributed to differences in stand age. WS4, an older and more
successionally advanced stand, appears no more dynamic than the young WS3.
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Figure 6. Understory species cover(%) for WS3, WS4, and WS7 of the Fernow
Experimental Forest, Parsons, WV, over a four-year period (1991-1994). July values of
each year only. Values given are means ± SE. Means for a given watershed with different
letters are significantly different at P ~ 0.05.

37

0

0

>

a:
w

'-'

eft

~

0

10

20

1991

1
30

40

50

60

1992

WS3

1994

1992

1994

YEAR

1991

WS4

1991

1992

a

WS7

1994

a:

(.)

J:

z

w

(J)
(/)

~

*

(/)

..........._

c..
c..

..J

10

~

0

10

20

1991

1992

WS3

1994

a

1992

1994

YEAR

1991

WS4

1991

1992

WS7

1994

·a

Figure 8. Understory species richness in WS3, WS4, and WS7 ofFemow Experimental
Forest, Parsons, WV, for the growing season of 1994. Richness is defined as the total
number of species per 0. 04-ha plot. Values given are monthly means ± SE. Monthly
means for a given watershed with the same letters are not significantly different at P :S.
0.05.
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An increase in species richness was expected on young versus mature watersheds,

as young watersheds may still be in a recruitment phase and the mature watershed should
be nearing steady state equilibrium (Bormann and Likens 1979). This pattern was not
seen (Fig. 8). Richness did, however, exhibit a seasonal pattern related to the phenology
of the species involved. Consistently higher species richness on WS 7 may be due to its
north-facing slope. Species richness reached a maximum between June and August on all
watersheds.
Maximum cover occurred in June for all watersheds and all were displaying a
similar, distinctly seasonal pattern in cover (Fig. 9). Seasonal data support earlier
conclusions of similarities between WS3 and WS4 (Gilliam and Turrill 1993); regardless
of stand age differences, the most profound influence appears to be due to the
north-facing aspect ofWS7, as opposed to the south-facing WS3 and WS4.
Seasonal cover patterns of the dominant herb layer species of each watershed
showed dissimilarities (Fig. 10). Smilax rotundifolia was dominant early on WS3, then
cover declined slightly throughout the growing season. Cover of Laportea canadensis,
however, increased during the growing season on WS4, then declined during September
and October. Dryopteris marginalis, which covered over 25% ofWS7, displayed a
deciduous nature, gradually declining after reaching a seasonal peak in June. Within some
subplots on WS7 there was 85% cover of D. marginalis. The change in D. marginalis
cover over the growing season is quite different from that of the other dominant fern,

Polystichum acrostichoides, an evergreen. When D. marginalis died out, P.
acrostichoides became the new dominant ofWS7 (Table 8).
Changes in relative species dominance of the herb layer were expected to be
greater in young compared to mature watersheds, the result of further successional
development of this stratum in the older stand. The herb layer on the mature watershed, in
fact, had the highest turnover (Table 8), changing dominance three times from May to
October. The stand on WS7, potentially in a phase of recruitment, and having very high
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Figure 10. Pattern of dominant species cover(%) ofWS3 (Smilax rotundifolia), WS4
(Laportea canadensis), and WS7 (Dryopteris marginalis) in 1994 of the Fernow
Experimental Forest, Parsons, West Virginia. Values given are monthly means± SE.
Means for a given watershed with the same letters are not significantly different at P <
0.05
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Figure 11. Monthly average cover (%) of Viola rotundifo/ia on Study Watersheds 3, 4,
and 7 of the Fernow Experimental Forest, Parsons, WV. Values given are monthly means
+ SE. Means for a given watershed with the same letters are not significantly different at
p ~0.05.
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Figure 12. Sequenced canonical ordination showing monthly watershed dynamics in 1994
in the Femow Experimental Forest, Parsons, WV. Each point on the graph represents a
single month of mean cover.
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